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(54) Thermal image transfer method 

(57) Dye-receptive layers (62) and protective layers (65) are spaced in sequence along an elongated substrate 
film. A thermal head is provided which is movable from a transfer start position to a heating end position 
relative to and along the surface of a print sheet. A dye-receptive layer or protective layer is transferred to said 
print sheet using the thermal head in such a manner that the heating end position of the thermal head will 
coincide with, or exceed, the trailing edge of said dye receptive layer or protective layer transferred to the print 
sheet. An image is formed in a so-transferred dye-receptive layer from a dye transfer film fcy applying thermal 
energy. The image may be covered with a protective layer transferred as above. 
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THERMAL TRANSFER METHOD 

BACKGROUND OF THE INVENTION 
The present invention relates to a 
method using a heat or thermal transfer and more 
particularly to an image forming method using a thermal 
transfer, wherein a dye-receptive layer or an image 
protective layer is transferred uniformly so that an 
excellent image can be formed. 

Heretofore, various thermal transfer methods have 
become known. Among these, a method uses a heat or 
thermal transfer film comprising a sublimable dye layer 
carried as a recording substance on a base film or 
substrate such as a paper or a plastic film. According 
to this method, full-color images are transferred from 
the thermal transfer film onto a dye-receptive layer of a 
print sheet- In the practice of this method, a thermal 
head of a printer is used as a heating means. Thus a 
large number of color dots of three or four colors are 
transferred onto the dye-receptive layer of the print 
sheet by heating for an extremely short time. By these 
multicolor dots, a full-color image of an original is 
reproduced on the print sheet. 

According to the above described method, the 
material of the print sheet has been limited to materials 
such as a plastic sheet possessing dyeability or a paper 
provided beforehand with a dye-receptive layer. That is, 
images could not be formed directly on readily available 
materials such as ordinary paper. This has been a 
problem. It is possible, of course, to form an image on 
ordinary paper if a dye-receptive layer is previously 
formed thereon. In general, however, such a procedure 
entails high cost and is difficult to apply to materials 
that are generally ready made such as postcards, memo 
sheets, letter-papers, and papers for report writing. 

Various methods have been proposed to <solve these 
problems. One such method aims to form in a simple 



manner a dye-receptive layer on only necessary portions 
for forming images on a print sheet of a ready-made 
material such as ordinary paper by using a receptive 
. layer transfer film, as disclosed in U.S. Patent No. 
5 5,006,502. Further, as disclosed in U.S. Patent No. 
4, 522, 881 r in order to improve the durability of a dyed 
image formed in the above described manner, the 
depositing of a protective layer transfer film comprising 
a transparent resin on the dyed image surface has been 
10 proposed. 

A method intended to simplify the operational 
procedure comprises the following steps. On the surface 
of a long substrate or base film, dye layers respectively 
of yellow, cyan, magenta, and, if necessary, black are 
15 formed in sequence. On the same surface of the substrate 
film, a transferable dye-receptive layer and/or a 
transferable protective layer are/is provided. First, 
the dye-receptive layer is transferred onto a print 
sheet. Then, dyes of the respective colors are 
20 transferred onto the dye-receptive layer thereby to form 
a full-color image. When required, a protective layer is 
transferred onto the image surface. 

In each of the above described methods , a dye- 
receptive layer is transferred by -means of a thermal 
25 head. In the case where the print sheet is a sheet 
lacking surface smoothness -such as an ordinary paper 
sheet or a postcard, the adhesion of the eye-receptive 
layer with the print sheet becomes a problem, which gives 
rise to a further problem in that a uniform receptive 
30 layer is not transferred. 

This problem can be solved by increasing the thermal 
energy imparted to the print sheet and the dye-receptive 
layer. However, if transferring of the dye-receptive 
layer under this condition of high thermal energy is 
35 continued, heat will accumulate within the printer -a*id, 
as a consequence, will give rise to various problems. 
One such problem is the matting -(roughening) of the 



surface of the dye-receptive layer. Another problem is 
the fusing of the heat-resistant layer or its substrate 
sheet to the thermal head, whereby the smooth feeding of 
the thermal transfer film is obstructed or the transfer 
5 film is torn. Still another problem is apt to occur in 
the case where a releasing layer or parting layer has 
been formed between the dye-receptive layer and the 
substrate film of the transfer film. In this case f the 
parting layer may melt to cause defective separation of 

10 the dye-receptive layer , which will then be prevented 
from being completely transferred. In consideration of 
the accumulation of heat within the printer as mentioned 
above , the imparting of the thermal energy at a low rate 
from the beginning may appear to be a solution. However, 

15 if this measure is taken r defective transfer will occur 
during the initial period of the transfer , whereby there 
will be much untransf erred parts or incompletely 
transferred portions. Another problem is the possibility 
of transfer of the dye-receptive layer with uneven edges. 

20 The above described problems occur also in the case 

where a protective layer is transferred from a protective 
layer thermal transfer sheet onto the image surface 
formed on the dye-receptive layer. 



SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is 
provided an image forming method using thermal transfer, 
comprising the steps of: 

providing dye-receptive layers or protective layers 
interruptedly in sequence on an elongated substrate film; 

transferring a dye-receptive layer to an image forming 
region or a protective layer to an image region -of ^said print 
sheet by applying thermal energy in such a manner that trailing 
edges of said image forming or image regions will coincide with, 
or exceed the trailing edge of said layers transferred to the 
print sheet; and, where appropriate 

transferring an image to said dye-receptive layer from a 
sublimable dye transfer film by applying thermal energy so as to 
form said image in said dye -receptive layer. 

According to a further aspect, the present invention provides a 
heat transfer method which comprises the steps of: 

providing dye-receptive layers or protective layers 
interruptedly in sequence on an elongated substrate film; 

providing a thermal head movable from a transfer start 
position to a heating end position relative to and along the 
surface of the print sheets- 
transferring a dye-receptive layer or protective layer 
to said print sheet using the thermal head in -such a manner that 
the heating end position of the thermal head will ooinoide with, 
or exceed the trailing edge of said layer transferred to the 
print sheet. 



SUGARY OF THE INVENTION 

According to one aspect of the present invention, £here is 
provided an image forming method using thermal transfer, 
comprising the steps of: 

providing dye-receptive layers or protective layers 
interruptedly in sequence on an elongated substrate film; 

transferring a dye-receptive layer to an image forming 
region or a protective layer to an image region of -said print 
sheet by applying thermal energy in such a manner t:hat trailing 
edges of said image forming or image regions will coincide with, 
or exceed the trailing edge of said layers transferred to the 
print sheet; and, where appropriate 

transf erring an image to said dye -receptive layer from a 
sublimable dye transfer film by applying thermal -energy so as to 
form said image in said dye -receptive layer. 

According to a further aspect, the present invention provides a 
heat transfer method which comprises the steps of: 

providing dye-receptive layers or protective layers 
interruptedly in sequence on an elongated substrate film; 

providing a thermal head movable from a transfer start 
position to a heating end position relative to and along the 
surface of the print sheet; 

transferring a dye-receptive layer or protective layer 
to said print sheet using the thermal head in such a manner that 
the heating end position of the thermal head will -coincide with, 
or exceed the trailing edge of said layer transferred to the 
print sheet. 
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A dye receptive layer transferred in this way may receive an 
image by applying thermal energy to a dye transfer film, and the 
image may be protected by a protective layer, as above. 

The present invention is described in more detail below, with 
reference to the accompanying drawings. 

The same description is used in our patent application 
no. 9210245.8 (published as GB-2258843-A) , and 9415145.3 
(published as GB-2278807-A) . 

9210245.8 claims an image forming method using thermal 
transfer, comprising the steps of: 

transferring a dye-receptive layer and/or a protective 
layer from a transfer film carrying said layer or layers to a 
print sheet by applying thermal energy, said dye-receptive layer 
being subsequently used for image -forming; and 

varying the quantity of the thermal energy being applied 
to said transfer film with elapse of time or with the location 
of the source of thermal energy relative to the transfer film. 

9415145.3 claims an image forming method using thermal 
transfer, comprising the steps of: 

transf erring a dye-receptive layer from a transfer film 
to a print sheet by applying thermal energy; and then 

transferring an image to said dye -receptive layer from a 
sublimable dye transfer film by applying thermal energy, so as 
to form said image in a smaller area than said dye receptive 
layer. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic view showing the principle of 

thermal transfer; 

FIGS. 2a through 2e are graphs for a description of 

various examples of the image forming method of this 

invention; 

FIG- 3 is a graph for a description of a known 
method; 

FIG. 4 is a sectional view of a receptive layer 
transfer film; 

FIG, 5 is a sectional view of a thermal dye transfer 

film; 

FIG. 6 is a sectional view of a protective layer 
transfer film; 

FIG. 7 is a sectional view indicating an image- 
forming method and a print sheet on which an image is 
formed; 

FIG. 8 is sectional view of a composite transfer 

film; 

FIGS. 9a and 9b are views for an explanation of a 
problem occurring when an image is to be transferred -to a 
dye-receptive layer on a print sheet; 

FIGS. 10a and 10b are graphs showing the method for 
solving the problem indicated in FIGS. 9a and 9b; 

FIG. 11 is a view for a description of a method for 
preventing irregularities along the edges of an image 
formed in a dye-receptive layer on a print sheet; 

FIG. 12 is a view for a description of a problem 
occurring at an edge of a dye-receptive layer transferred 
to a print sheet; 

FIG. 13 is a view of a dye-receptive layer transfer 
film for solving the problem of FIG. 12; 

FIG. 14 is a view of another dye-receptive layer 
transfer film for solving the problem of FIG. 12; aad 



PIG. IS is a view for a description of the width of 
a transfer area of a dye-receptive layer on the print 
sheet. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 The image-forming method of the present invention 

will now be described in greater detail with reference -to 
preferred modes of practice thereof as indicated in the 
accompanying drawings* 

In the method of this invention , a dye-receptive 
10 layer is transferred as indicated in FIG. 1 from a dye- 
receptive layer transfer film 3 onto a specific region of 
a print sheet 6 by means of a thermal head H as is known 
in the art. According to this invention, various methods 
shown in FIGS. 2a through 2e may be used. 
15 In the mode of practice shown in FIG. 2a, -the 

thermal energy supplied from the thermal head fi at the 
time of starting of the transfer of the dye-receptive 
layer is brought to an ample level, and, in 
correspondence with the heat accumulated within the 
20 printer , the thermal energy being supplied to the thermal 
head is gradually reduced , for example, linearly as 
shown. The thermal head is operated for ten seconds in 
this mode of practice. 

In the mode of practice shown in FIG. 2b, similarly 
25 as in the above method, ample thermal energy is supplied 
for the thermal head during a certain time (one second, 
for example) from the instant of starting of transfer 
(i.e., the time for the printer to warm up), a*nd 
thereafter the level of the heat energy supplied is 
30 lowered and maintained constant as shown. 

In the mode of practice shown in FI<3. 2c, during the 
transfer of the dye-receptive layer, the print sheet and 
the receptive layer transfer sheet are conveyed at a 
speed corresponding to the rotational speed of the 
35 platen. In this case, however, the conveying speed of 
the printing sheet and the transfer film is gradually 
increased, for example, linearly, the heat energy being 



supplied at a constant rate from the thermal head at this 
time. 

In the mode of practice shown in FIG. 2d, similarly 
as in the mode of PIG. 2c , the heat energy supply rate is 
5 kept constant, and, at the time of starting of transfer, 
the conveying speed of the print sheet and transfer film 
is kept at zero or at a low value and is increased to the 
normal value after the printer has warmed up. a somewhat 
low level of the thermal energy supplied from the thermal 
10 head is sufficient because the accumulated heat within 
the printer is being considered in this case. 

In the mode of practice of FIG. 2e, at the time of 
starting of the transfer of the dye-receptive layer, -the 
contact pressure (line pressure) of the thermal head 
15 against the transfer film is kept at a high value for a 
certain time for example, one second (until heat 
accumulates in the printer), and is maintained at a lower 
value after heat has accumulated in the printer. 

FIG. 3 is a graph indicating the state of supply of 
20 thermal energy according to the prior art. This mode of 
thermal energy supply gives rise to various problems as 
described hereinbefore. 

The method of this invention has been described 
above with respect to case of transfer of the dye- 
25 receptive layer. The transfer of a protective layer is 
carried out in exactly the same manner in the case of 
transfer of the protective layer. 

In the practice of the method of the present 
invention as described above, the quantitative rate of 
30 imparting of thermal energy by the thermal head to the 
dye-receptive layer (or the protective layer) and the 
transfer sheet is kept high initially and thereafter is 
lowered essentially with the elapse of time. As long as 
this essential mode of thermal energy supply is observed, 
35 quantitative fluctuations of thermal energy -imparted 
intermediately are inconsequential. 



The principal -examples of the print sheet 2 useable 
in the method of this invention are various kinds of 
paper such as ordinary paper, paper for PPC, thermal 
transfer paper , high-quality paper , art paper , coated 
5 paper , cast coated paper, and Kent paper. Furthermore, 
plastic sheets, synthetic papers, and laminated sheets of 
these materials are also useable* In addition, various 
sheets having dye-receptive layers formed beforehand 
thereon are also useable. 
10 An example of a transfer film 3 suitable for use in 

the practice of the present invention is shown as a 
sectional view in PIG. 4. As shown , this film 3 has a 
substrate or base film 31 of a material such as a 
polyester film or a polyimide film. On one surface of 
15 this base film 31, a dye- receptive layer 32 of a resin 
which is dyeable with subliraable -dyes, such as polyester 
resin, epoxy resin, vinyl chloride, vinyl acetate, vinyl 
chloride-vinyl acetate copolymer, and styrene, is formed. 
On top of this dyeable layer 32 , an adhesive layer 33 is 
20 formed. This adhesive layer 33 -comprises an adhesive 
material such as a vinyl chloride-vinyl acetate 
copolymer, an acrylic resin, a polyamide resin, a 
polyester resin, a polyurethane resin, or an epoxy resin. 
The adhesive layer 33 is thus provided, in accordance 
25 with necessity, for the purpose of imparting cohesiveness 
and like properties. Furthermore, to this adhesive layer 
33, a filler, a foaming agent, or the like may be added 
for the purpose of imparting properties such as 
cushioning property, opacity, whiteness, and easiness for 
30 cutting. In addition, a heat-resistant lubricious layer 
34 can be formed on the opposite surface of the base film 
31 if necessary. 

The receptive layer transfer film 3 of the above 
described composition is superposed on a surface of a 
35 print sheet 6 as shown in FIG. 1. Then, according to the 
method of this invention, heat and pressure -are applied 
with a thermal head from behind. As indicated in FIG. 7, 
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by this process/ a dye-receptive layer 62 with sharp or 
cleanly edges can be transferred onto only the necessary 
region of the print sheet 6. The receptive layer 
transfer film itself/ is described in detail in the U.S. 
5 patents mentioned hereinbefore. While the dye-receptive 
layer 62 formed by the above described method may be of 
any thickness/ it is generally of a thickness in the 
range of 1 to 30 jjm. 

According to the image forming method of the present 
10 invention, after the dye-receptive layer has been 
transferred by the above described process/ a dye image 
is formed by a thermal transfer method on -the dye- 
receptive layer. A sublimable dye transfer film used in 
this case is illustrated in FIG. 5. As shown, this film 
15 has a base film 41. On one surface of this hese film 41/ 
sublimable dyes of yellow Y / magenta M r cyan C, and/ if 
necessary/ black (not shown) are carried by means of a 
binder. If necessary/ a heat-resistant lubricious layer 
45 is provided on the back side. Then r by printing with 
20 the thermal head of a printer in the known manner/ a 
full-color image 63 of freely selectable shade and 
gradation is formed within the dye-receptive layer -6-2 as 
shown in FIG. 7. Such a sublimable transfer film, 
itself/ is known in the prior art and can be usee in the 
25 method of this invention. 

An example of a protective layer transfer film 5 
suitable for use in the practice of this invention is 
shown in sectional view of FIG. 6. This film 5 has a 
base film 51 of a material such as a polyester film or a 
30 polyimide film. On one surface of this base film 51, a 
protective layer 52 of a material having excellent 
transparency and durability such as a polyester resin, an 
epoxy resin f an acrylic resin, and a vinyl chlor ide-vinyl 
acetate copolymer is formed. On top of this protective 
35 layer 52, an adhesive layer 53 of an adhesive material 
such as a vinyl chloride-vinyl acetate copolymer, an 
acrylic resin, or a polyamide resin is formed if 



necessary. On *the opposite surface of the base film 51 , 
a heat-resistant lubricious layer 54 is formed according 
to necessity. 

This protective layer transfer film 5 is superposed 
5 on the image 63 formed on the print sheet 6. Then, by 
the method of this invention, a protective layer €4 can 
be transferred as indicated in FIG. 7 on only a necessary 
region of the image by means of a thermal head contacting 
the protective layer transfer film S from behind. By 
10 transferring this protective layer 64 in a manner such 
that it is somewhat larger than the image surface as 
indicated in FIG. 7, the durability of the image -can be 
further improved. The above described protective 
transfer film 15 per se, is described in detail in U.S. 
15 patent No. 4,522,881. 

Instead of the above described protective layer 64 , 
a protective laminate sheet of materials such as 
polyester film and vinyl chloride resin film may be 
bonded to the image surface, with an adhesive layer 
20 interposed therebetween if necessary, by means of a heat 
roll or a heat press. The above described protective 
layer and laminate sheet may be made of materials having 
a screening effect relative to ultraviolet rays. 

In the practice of the present invention/ a 
25 composite transfer film 7 as shown in sectional view in 
FIG. 8 may be used to carry out image forming as 
described above. As shown in FIG. 8, thrs composite 
transfer film 7 has a base film 71, on a surface of which 
at least two kinds of layers from among the above 
30 described dye-receptive layer 72, the -dye layers Y, M, 
and C, and the protective layer 73 are provided in 
sequence. 

In order to indicate more fully the nature and 
details of the present invention, the following specific 
35 examples of practice thereof are presented. Throughout 
these examples, quantities expressed in "parts" and 
"percent" are by weight unless specified otherwise. 



Example 1 

A heat-resistant lubricious layer was formed on the 
back surface of a polyethylene terephthalate film {#25, 
product of Toray Kabushiki Kaisha, Japan). On the front 
5 surface of this film, a coating liquid for forming a dye- 
receptive layer of the composition specified below was 
applied by means of a bar coater to form a first coat of 
5.0 g/m 2 (in dried state). Further, over this first 
coat, a coating liquid for forming an adhesive layer of 
10 the composition specified below was similarly applied to 
form a second coat of 2.0 g/m 2 (in dried state) which was 
dried. Thus a dye-receptive layer transfer film was 
obtained. 

Composition of coating licuic for cve-receotive 
15 laver : 

vinyl chloride- vinyl acetate copolymer 
(VYHD, prod, of Union Carbide 
Corporation) 100 parts 

epoxy modified silicone (KF-393, 
20 prod, of Shine tsu Kagaku Kogyo 

Kabushiki Kaisha, Japan) 3 parts 

amino modified silicone (KS-343, 
prod, of Shi-nets u Kagaku Kogyo 
K.K. ) 3 parts 

25 methylethyl ketone/toluene 

(weight ratio 1/1) 400 parts 

Composition of coating licuid for adhesive layer ; 
polymethylmethacrylate (3R-1-06 , 
prod, of Mitsubishi Rayon 
30 Kabushiki Kaisha, Japan) 100 parts 

methylethyl ketone/toluene 

(weight ratio 1/1) 500 parts 

Next, on a polyester film similar to that mentioned 
hereinbefore, yellow , magenta, and cyan inks as specified 
35 below were applied by repeated coating and drying to form 
sublimable dye layers of 3-0 -cm width in sequence, each in 
a coating quantity of approximately 3 g/m 2 (in dried 



state). Thus a sublimabLe dye transfer film was 
obtained. 

Yellow ink 

dispersed dye (Macrolex Yellow 6<5, 
5 prod, of Bayer AG., C.I. Disperse 

Yellow 201) 5.5 parts 

polyvinyl butyral resin (S-Lec BX-1, 
prod, of Sekisui Kagaku Kogyo 

Kabushiki Kaisha, Japan) 4.5 parts 

10 methylethyl ketone/toluene 

(weight ratio 1/1) 89.0 parts 

Magenta ink 

Similar to yellow ink except for use of magenta 
dispersed dye (C.I. Disperse Red 60) for the dye. 
15 Cyan ink 

Similar to yellow ink except for use of cyan 
dispersed dye (C.I. Solvent Blue 63) for the dye. 
Next/ on the surface of a similar polyester film, an 
ink for forming a protective layer of the composition 
20 specified below was applied by a gravure coating method 
to form a coating of a quantity of 5 g/m 2 (solid content 
basis). Further/ over this coat/ a coating liquid for 
forming an adhesive layer was similarly applied and dried 
to form an adhesive coat in a quantity of 2 g/m 2 fsolid 
25 content basis). Thus f a protective layer transfer film 
was obtained. 

Composition of coating liquid for prot ective laver: 
Polymethylmethacrylate (BR-85, 
prod, of Mitsubishi Rayon 
30 Kabushiki Kaisha f Japan) LOO parts 

methylethyl ketone/toluene 

(weight ratio 1/1) 500 parts 

Composition of coating liquid for adhesi ve layer: 
vinyl chloride-vinyl acetate 
35 copolymer resin (1000AS, prod, of 

Denki Kagaku Kogyo 

Kabushiki Kaisha, Japan) 100 parts 



methyl-ethyl ketone/toluene 

(weight ratio 1/1) 50 0 parts 

Examples 2 to 6 and Comparison Examples 1 and 2 

For each example, an official postcard issued by -the 
Post Office was inserted into a video printer. Then, 
under the printing condition set forth in the following 
Table 1, a dye-receptive layer was first transferred onto 
a specific position of each postcard with the 
aforedescribed dye-receptive layer transfer film. Next, 
with a dye transfer film, a full-color scenic picture was 
formed over the entire surface of the dye-receptive 
layer. Further, under the printing condition of Table 1, 
a protective layer was transferred onto the image surface 
by using a protective layer transfer film, whereupon a 
beautiful and, moreover, a highly durable image was 
obtained. The results relating to the dye-receptive 
layer and the protective layer thus transferred are shown 
in the following Table 2. 



Table 1 





Printinq condition 

Both receptive layer transfer and protective 
layer transfer are the same, printing time 
being 10 seconds in all cases 


Example 
2 


Energy at start of transfer: 90 mJ/mm 2 
Energy at completion of trasnfer: 60 mJ/mm 2 
Conveying speed: 10 mm/sec (constant) 
Line pressure: 2 kg weight/cm (constant) 

(Ref. FIG. 2a) 


Example 
3 


Energy from start of transfer to 

1 sec. thereafter: 9-0 mJ/mm 2 (consta-nt) . 
Energy thereafter: 70 mJ/mm 2 (constant) 
Conveying speed: 10 mm/sec (constant) 
Line pressure: 2 kg weight/cm (constant) 

(Ref. FIG. 2b) 



Table 1 (continued) 





* Printinq condition 
Both receptive layer transfer and protective 
layer transfer are the same/ printing time 
being 10 seconds in all cases 


Jut A, GLlilfct J- C 

4 


i conveying speec at scare or transcer::> mm/sec 
■ Conveying speed at completion of 
| trasnfer: 10 mm/sec 
Transfer energy: €0 mJ/mm 2 (constant) 
.Line pressure: 2 kg weight (constant) 

(Ref. PIG. 2c) 


Example 
5 


Conveying speed from start of transfer to 

1 sec. thereafter :0 mm/sec {-constant) 

Conveying speed thereafter to completion 

of transfer: 10 mm/sec (constant) 

Transfer energy: 60 mJ/mm 2 (constant) 

Line pressure: 2 kg weight (constant) 

(Ref. FIG. 2d) 


Example, 
6 


Line pressure f^rom start of transfer to 1 sec 
thereafter: 4 kg weight (constant) 

Line pressure thereafter to completion 

of transfer: 2 kg weight (constant) 

Transfer energy: 60 mJ/mm 2 (constant) 

Conveying speed: 10 mm/sec (constant) 

(Ref. FIG . 2e) 


Compa- 
rison 
Example 

X 


Transfer energy: 80 mJ/mm 2 (constant) 
Conveying speed: 10 mm/sec (constant) 
Line pressure: 2 kg weight (constant) 

(Ref. FIG . 3) 


Compa- 
rison 
Example 
2 


Transfer energy: 60 mJ/mm 2 (constant) 
Conveying speed: 15 mm/sec (constant) 
Line pressure: 1.5 kg weight {constant) 

(Ref. FIG. 3) 



HO 



Table 2 



5 



15 





Sharpness of transferred 
layer of portion at 

0m mm m*. mm mm> m^ mm mm mm m% M *m mm m*. mm 

s^art or transfer 


Fusion with 
film 


Example 2 


good 


none 


Example 3 


good 


none j 


Example 4 


good 


none 


ExamDle 5 




none 


Example 6 


good 


none 


Comparison 
ExamDle 1 


good 


poor peeling; 
tending to fuse 


•Comparison 
Example 2 


Periphery ragged and 
adhesiveness deficient 


good 



Example 7 

A heat-resistant lubricious layer was formed on the 

20 back surface of a polyethylene terephthalate film (#25, 
prod, of Toray Kabushiki Kaisha, Japan). On the front 
surface of this film, the aforedescribed coating liquid 
for forming a dye-receptive layer was applied initially 
by means of a bar coater to form layers in a coating 

25 quantity of 5.0 g/m 2 (dried state) with a width of 30 om 
at spacing intervals of 120 cm. Further, over these 
layers thus applied, the aforedescribed coating liquid 
for forming an adhesive layer was applied similarly in a 
coating quantity of 2.0 g/m 2 (cried state) and dried to 

30 form dye-receptive layers. 

Next, on each uncoated region of the polyester film, 
the aforedescribed yellow, magenta , and -cyan inks were 
applied in a coating quantity of approximately 3 g/m 2 
(dried state) to form respective coated areas in 

35 sequence, each of a width of 30 cm at interval's of 3-0 om. 
This coating process was repeated for all uncoated 
regions of the polyester film, and the inks thus ^coated 



were dried. Thus sublimable dye layers of three colors 
were formed. 

Then, on the uncoated surface of the same polyester 
film, the ink for forming a protective layer of the 
aforedescribed composition was applied in a coating 
quantity of 5 g/m 2 {solid content basis) by a gravure 
coating method to form layers of a width of 30 cm at 
intervals of 120 cm, which were then dried. Over there 
protective layers, the adhesive layer forming ink of the 
aforedescribed specification was applied to form a -coat 
in a coating quantity of 1 g/m 2 (solid content basis). 
This coat was dried thereby to form a protective layer. 
Thus, a composite transfer film on which receptive 
layers, dye layers, and protective layers were formed in 
sequence was prepared. 

With the use of the above described composite 
transfer film, an image was formed similarly as in 
Example 1 on an ABS resin sheet (188 jum) for cards as a 
print sheet, whereupon a similar effective result was 
obtained. 

According to the present invention as described 
above, the quantitative rate at which thermal energy is 
imparted to the dye-receptive layer transfer film and/or 
a protective layer transfer is essentially decreased with 
the elapse of time. By this technique, a uniform 
receptive layer and/or a protective layer can be 
transferred even when the printer is operated over a long 
time. 

When the dye-receptive layer is transferred to the 
entire surface of the print sheet by using a thermal 
head, a heat roll, or a heat press, no problem occurs. 
However, when the dye-receptive layer is transferred, as 
shown in FIG. 9a, to a part 12 of a print sheet 6a such 
as a postcard made of ordinary paper as a pattern by a 
thermal head, the edges of the dye-receptive layer are 
not sharply cut, but become ragged or waved. Since the 
dye-receptive layer having ragged edges is normally white 



or transparent/ the raggedness is not recognisable. 
However , when the image is transferred to, or formed on 
the entire surface of the dye-receptive layer of the 
print sheet , the irregularities of the edges become 
5 conspicuous as shown in PIG. 9b. When a protective layer 
is transferred to a print sheet, the above problem also 
takes place. 

In accordance with a method described below r the 
above mentioned problem can be solved. 

10 As schematically shown in FIG. 9a, the thermal head 

is moved for scanning in primary and secondary scanning 
directions X and Y in respect of a particular transfer 
region 12 of a print sheet 6a and then a dye-receptive 
layer is transferred from a receptive layer transfer film 

15 to the print sheet 6a in such a manner that the quantity 
of thermal energy per unit area applied to the vicinity 
of edge portions 13 r 13' , 14, and 14' of -the transfer 
region 12 is greater than that for the remaining region 
in both the primary scanning direction X and the 

20 secondary scanning direction Y, as schematically shown in 
FIGS. 10a and 10b. Thus, the edges of the dye-receptive 
layer being transferred are sharply formed in a desired 
shape. On the other hand, when thermal ^energy is 
uniformly applied to the entire surface of the transfer 

25 region in the conventional manner, the edges of the 
transfer region 12 become irregular, as shown in FI<3. 9b. 
When high energy is applied to the entire surface of the 
transfer region, such a problem will of course not occur. 
However, a number of disadvantages with respect to -energy 

30 efficiency, service life of the thermal head, and fusion 
of the transfer film to the thermal head will occur. 

For increasing the quantity of thermal energy 
applied to the edge portions 13, 13', 14, and 14 1 of the 
transfer region 12, a line-type thermal head may be used 

35 and moved in the secondary scanning direction Y in FIG, 
9a, while the quantity of thermal energy applied to both 
end portions of the thermal head is increased- Thus, the 



quantity of thermal energy to be applied to the -e&9* 
portions 14 and 14' are increased. In addition, at the 
edge portions 13 and 13 ' , the moving speed of the thermal 
head is made smaller than in the other portion so that 
5 the quantity of thermal energy to be applied thereto is 
increased in the vicinity of the edges 13 and 13'. FIGS. 
10a and 10b show the quantities of thermal energy applied 
to the regions in the primary scanning direction X and 
the secondary scanning direction Y, respectively. When a 

10 serial-type thermal head is used, the quantities of 
thermal energy to be applied to the edge portions may be 
simply increased. The quantity of the thermal energy 
necessary for transferring the dye-receptive layer must 
be determined in consideration of various conditions of 

15 the materials of the print sheet, dye-receptive layer, 
its substrate film and so forth. Generally, it has been 
found that the quantity of thermal energy is in a range 
from 60 to 150 mJ/mm 2 . It is preferable that the 
quantity of the thermal energy to be applied to the edge 

20 portions of the transfer region be approximately 105 to 
150% of the above quantity. The quantity of thermal 
energy applied is changed preferably by changing the 
width of voltage pulses imparted to the thermal head. 
One cycle of the pulses may be from several to several 

25 tens milliseconds - 

The above mentioned method may also be used for a 
protective layer transfer film instead of the dye- 
receptive layer transfer film. Some examples of the 
above method will be shown below. 

30 Example 8 

A postcard issued by the Post Office was loaded into 
a test printer and, as shown in FIG. 9a, a dye-receptive 
layer was transferred to a predetermined position of the 
postcard by using the dye-receptive layer transfer film 
35 mentioned before. The quantity of thermal energy applied 
to the printer corresponding to both ends of the transfer 
region of the printer was 120% of that applied to the 



other region where the quantity of energy being applied 
was 90 mJ/mm 2 ). The scanning speeds at the transfer 
start position and the transfer completion position in 
the scanning direction were 20% lower than the speed in 
5 the other region. Thereafter, a full color scenic image 
was formed on the entire surface of the dye-receptive 
layer on the print sheet. This image was clear and had a 
high resolution. In addition, the edge portions of the 
image were linear and sharp. On the other hand, when 
10 transfer energy is uniformly applied to the entire 
surface of the dye-receptive layer (the quantity of 
energy being applied was 90 mJ/mm 2 ), the edges of both 
the dye-receptive layer transferred and those of the 
image formed were ragged and unsightly. 
15 Moreover, when a protective layer having the same 

size as the image was transferred to the image surface of 
the print sheet in the same condition as above by using a 
protective layer transfer film, the edges of the 
protective layer transferred were matched with those of 
20 the dye-receptive layer and the image formed, and the 
image was sharp. On the other hand, when transfer energy 
was uniformly applied to the entire surface -of the 
protective layer (the quantity of energy applied was 90 
mJ/mm 2 ), the edges of the protective layer transferred to 
25 the image surface were ragged and the image was 
unsightly. 
Example 9 

The above mentioned coating liquid for the dye- 
receptive layer was applied by means of a bar coater in a 

30 width of 30 cm at intervals of 120 <:m on the front 
surface of a polyethylene terephthalate film (#25, 
product of Toray K.K., Japan) whose rear side had a heat- 
resistant lubricious layer, the coating solution being 
applied at a rate of 5-0 g/m 2 (in dried state). 

3 5 Thereafter, the above mentioned coating solution for 
adhesive layer was applied by a bar coater on the surface 
of the film at a rate of 2.0 g/m 2 (in dried state). 



<7* V 



Thereafter , -the film was dried and thus a dye- receptive 
layer was formed. 

Next, the yellow ink, magenta ink, and cyan ink 
referred to before were applied in sequence to a 
5 polyester film in a width of 30 cm at intervals of 30 cm 
and at a rate of approximately 3 g/m 2 (in dried state). 
Thereafter, the film was dried and sublimable dye layers 
of three color were formed. 

Then, a coating liquid for protective layer with the 

10 composition mentioned before was applied in a width of 30 
cm at intervals of 120 cm and at a rate of 5 g/cm 2 {in 
dried state) to the same polyester film by a gravure 
coating method and then the liquid was dried. 
Thereafter, the above mentioned liquid for adhesive layer 

15 was applied to the film at a rate of 1 g/m 2 (solid 
content basis). Thereafter, the liquid was dried and a 
protective layer was formed. In other wor<3s, a composite 
transfer film having thereon dye-receptive layers, 
sublimable dye layers and protective layers in sequence 

20 was formed. 

When an image was formed on a card-type ABS resin 
sheet as a print sheet by using the above-mentioned 
composite transfer film in the same manner as the example 
8, the same effect as the example 8 could be obtained. 

25 In accordance with a method described below, it is 

also possible to prevent the dye-receptive layer to be 
transferred to the print sheet 6a from becoming ragged or 
waved. 

As shown in FIG. 11, when an image 15 is formed in 
30 such a way that the dye-receptive layer of a transfer 
region 12 is not used for forming the image along the 
outer edges, the problem mentioned before will not occur. 
Since the dye-receptive layer in the region in which the 
image is not formed is white or transparent like the 
35 print sheet 6a , irregularity of the edge portion 13 is 
not so conspicuous. Of course, it is desirable to form 
the image 15 closer to the edges 13 and 14 than in the 



example shown in the figure. It is further -desirable to 
form the image 15 to an extent one to several printing 
dots inner than the edges 13 and 14 of the region 12 of 
the dye-receptive layer. 
5 When a dye-receptive layer 62 is transferred to a 

desired region on a print sheet by using a thermal head, 
as shown in FIG. 12 the trailing edge of the dye- 
receptive layer 62 designed to be straight tends to 
become ragged as represented by a dotted line 62a. This 

10 is because the thermal head which has operated to 
transfer the dye-receptive layer 62 of a particular width 
is not cooled immediately after it has been turned off. 
Thus, the dye-receptive layer is excessively transferred 
due to residual heat so that the trailing edge -cannot be 

15 formed straight. When the area of the dye-reoeptive 
layer being transferred exceeds a predetermined region, 
the dye is also transferred to an unnecessary portion '62b 
surrounded by the dotted line and the ragged line. Thus, 
the image formed becomes unsightly. 

20 The above mentioned problem also occurs in the <:ase 

where the protective layer is transferred from the 
protective layer transfer film to the image surface 
formed in the dye-receptive layer on the print sheet. 

To solve this problem/ as shown in FIG. 13 , image 

25 receiving layers 62 are disposed interruptedly in a 
manner isolated from each other via transverse slender 
portions. In FIG. 14, dye layers of yellow Y, magenta M, 
and cyan C and transferable protective layers -65 are 
provided in sequence with interruption, along with <3ye- 

30 receptive layers 62. 

When an image is to be formed by using the composite 
thermal transfer film shown in FIG. 14 , the composite 
transfer film and a print sheet (paper) 6 are loaded into 
a printer and then the dye-receptive layer is transferred 

35 to the print sheet. If the transfer region of the print 
sheet 6 has a width A (FIG. 15), the dye-receptive layer 
of the transfer film is caused to have a width A + ^ 



(where a > 0) (FIG. 14). The transfer start position of 
the dye-receptive layer is represented by a dotted line 
in FIG. 14. The heating end position by the thermal head 
is indicated by a righthand edge line of - the dye- 
5 receptive layer 62 in FIG. 14. To satisfactorily 
transfer the righthand edge line in a linear shape, it is 
desirable that the heating end position of the thermal 
head be the position which slightly exceeds the righthand 
edge line by an amount of {J. When the dye-receptive 
10 layer 62 is transferred to the print sheet 6 in the above 
described manner, the transfer end position of the dye- 
receptive layer 62 1 transferred will become linear. 

Thereafter, a yellow image, a magenta image, and a 
cyan image are transferred to the dye-receptive layer 62 1 
15 whereby a desired color image is formed. If necessary, a 
protective layer is transferred to the image surface. It 
is desirable that the transferring method for the 
protective layer conforms to that for the above mentioned 
dye-receptive layer. 
20 Example 10 

An A4 size ordinary paper sheet was loaded into a 
video printer. Next, a dye-receptive layer having a 
width of 25 cm was transferred to the paper sheet by a 
thermal head. When the dye-receptive layer £2 as shown 
25 in FIG. 14 was transferred, starting from the left hand 
edge portion thereof (a comparison example), the t-railing 
end of the dye-receptive layer transferred became 
irregular as shown in FIG. 12. On the other hand, when 
the dye-receptive layer was transferred from a position 
30 shown by the dotted line in FIG. 14 as the transfer start 
position, the edge was in a linear shape as shown in FIG. 
15. 

Next, an image of a human was formed on the entire 
surface of each of the above mentioned two types of dye- 
35 receptive layers by using dyes of yellow, magenta, and 
cyan in full color. Thereafter, a protective layer was 
transferred to the image surface. As a result, a clear 



and durable image was obtained. However, when the edge 
portions of the dye-receptive layers were not of linear 
shape, the image formed was unsightly. 



2S 

CLAIMS: 

1. A thermal transfer method, -comprising the steps of: 
providing dye -receptive layers or protective layers 

interruptedly in sequence on an elongated substrate film; 

providing a thermal head movable from a transfer -start 
position to a heating end position relative to and along the 
surface of a print sheet; 

transferring a dye-receptive layer or protective layer to 
said print sheet using the thermal head in such a manner that the 
heating end position of the thermal head will coincide with or 
exceed the trailing edge of said dye receptive layer or 
protective layer transferred to the print sheet. 

2. A method according to claim 1 further comprising 
transferring an image to a dye-receptive layer transferred to 
said print sheet from a dye transfer film by applying thermal 
energy so as to form said image in said dye -receptive layer. 

3 . An image forming method according to claim 1 comprising 
the steps of: 

providing alternate dye-receptive layers and protective 
layers interruptedly in sequence on the elongated substrate film; 

transferring a dye -receptive layer to said print sheet 
using the thermal head in such a manner that the heating end 
position of the thermal head will coincide with or exceed the 
trailing edge of said dye receptive layer transferred to the 
print sheet; 



transferring an image to -said dye-receptive layer from a 
dye transfer film by applying thermal energy -so as to form -said 
image in said dye-receptive layer; and 

transferring a protective layer -to said print sheet in 
such a manner that the heating end position of the thermal head 
will coincide with, or exceed the trailing edge of said 
protective layer transferred to the print sheet. 

4. A method according to claim 1, substantially as described 

herein with reference to Fig. 14 of the accompanying drawings. 



Patents Act 1977 J^f 
Examiner's report to the Comptroller under Section 17 ' 


Application number" 
GB 9505845.9 

• 


Relevant Technical Fields 

<i) UK Q (Ed.N) B6C (CSS A, B, M; CSP, B: CSAA, B, C, D, 

X: CTA; CBQC; B6F: FL8 

(ii) Int a (Ed.6) B41M, B44C B65C 
Databases (see below) 

<i) UK Patent Office collections of GB, EP, WO and US patent 
specifications. 

/in ONI INF* WPI 


Search Examiner 
ADAVEY 


Date of completion of Search 
12 MAY 1995 


Documents considered relevan 
following a search in respect o 
Claims :- 
1-4 


Categories of documents 



X: Document indicating lack of novelty or of inventive step. 

Y: Document indicating lack of inventive step if combined with 
one or more other documents of the same category. 



E: 



A: Document indicating technological background and/or state 

of the art. &: 



Document published on or after the declared priority dote 
but before the filing date of the present application. 

Patent document published on or after, but with priority date 
earlier than, the filing date of the present application. 

Member of the same patent family; corresponding document. 



Category 


Identity of document and relevant passages 


Relevant to 
claim(s) 


A 


US 5217942 


(DAI NIPPON) whole document 





Databases :T"hc UK Patent Office database comprises classified collections of GB. EP. WO and US patent specifications as outlined periodically in the Official Joumil 
(Patents). The on-line databases considered for search are also listed periodically in the Official Journal (Patents). 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



U FADED TEXT OR DRAWING 
^□Iblurred OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




